Abstract. Urban functional area identification can not only help city managers to carry out urban planning effectively, but also have important significance in policy making and resource allocation. In this paper, we propose a method of urban functional area identification based on data mining of human large-scale spatiotemporal trajectory and the semantic analysis of POIs, and construct the analytic model UADAFIM (urban area Division and Function identification model). Adaptive density clustering through trajectory data, by clustering each class cluster and producing the central point of each cluster, we use the central point as the discrete points to produce the Voronoi Diagram, and through our algorithm we divide the city into different areas, effectively avoiding the restriction of dividing city by the urban road network. In addition, we make the regional functional theme documents by the POIs data, the LDA model is used to effectively excavate the main functions of each area. Our study takes the Beijing city as the analysis, the research object, as well as the verification object.
Introduction
Rational Urban Functional Area planning is an important prerequisite for urban sustainable development, so it is very important for urban planning to accurately identify urban functional areas. At present, the planning of some urban functional areas is influenced by the policy factors of administrative regions, according to the data of land use status , regional population density and other socioeconomic statistics to identify the urban area function which is divided by main road , the influence of people's social activity factors on the urban function area is not considered, which leads to the unreasonable distribution of urban functional areas and the waste of local resources allocation. As an important part of city data, space-time trajectory data can reflect people's daily life patterns. Therefore, the integration analysis of trajectory data can help city managers to understand the activities of people in urban functional areas, so as to identify urban functional areas more accurately. In order to accurately identify the urban regional function, fully consider the interaction between the human social activity area and the urban functional area development, we propose a method of urban functional area identification based on locus data mining and the semantic analysis of POIs, construct the urban Area Division and Function Identification Model , UADAFIM . This model can effectively identify different types of urban functional areas, and reflect people's daily social activities law, help city managers to understand the city's operation better. The results of this study can also be good for the city planning, policy making, selecting enterprise location, resource allocation, and other fields. [1] 
Research Route
In this study, we study the data of Beijing taxi track data and Beijing POIs. The data is preprocessed by us so that it can be used directly by data mining. Then the clustering algorithm is used to cluster the locus data, the central point of each cluster is extracted, the Tyson Polygon based on the center points is created to divided the urban areas. Finally, the regional function is discovered with POIs data. The technical roadmap is shown in Figure 1 . 
Data Preprocessing
Firstly, we get more than 10,000 Beijing taxis track data into the database [2]. Then we do the noise filtering processing, then classify it and do the compression processing. Secondly, we put out the data to match the map, and then do trajectory outlier detection. Finally, in order to reduce uncertainty, we carry out different preprocessing methods for different data.
Clustering Based on Trajectory Data
Clustering is an important analysis method of large-scale spatiotemporal data. For the two-dimensional trajectory data vectors studied in this paper, we choose the partitioning method. The common clustering methods have k-means, k-medoids, Density-Based Spatial Clustering of Applications with Noise (DBSCAN), etc. DBSCAN is sensitive to user-defined parameters, subtle differences can lead to very different results, and the choice of parameters is irregular, for a lot of data, its time complexity is quite large, so we do not choose the DBSCAN algorithm. What's more, K-medoids' time complexity is higher than k-means, and scalability is poor. Although all are unsupervised learning algorithm, comprehensive consideration, we choose the K-means algorithm, the algorithm can not only find any shape of clustering, but also optimize the unreasonable places that the initial supervised learning sample classification.
Urban Zoning based on Voronoi diagram
In this paper, the central point of each clustering cluster is obtained from the results of large-scale spatiotemporal trajectory data clustering, and the central point is used as the discrete point of the Tyson Polygon (Voronoi diagram).
Then, the discrete point automatically constructs the Delaunay triangular network and records it, and calculates the circumscribed center of each triangle, connecting the circumscribed centers of the neighboring triangles according to the adjacent triangles of each discrete point, which is the Tyson Polygon. [3] Using Tyson Polygon to divide the urban space area, each polygon contains only a central point, and ensures that the distance between each region's trajectory points and the central point is the shortest. By using Tyson polygon to divide the urban area, the accurate urban area division is obtained, as shown in Figure 2 . 
Urban Area Function Recognition Based on LDA Algorithm
In this paper, we take full account of the interaction between human social activities and urban functional areas. On the basis of obtaining the actual scope of each functional area, we construct the regional functional document by POIs data in each area, and use the LDA theme model to accurately excavate each area.
The process of the LDA model is as follows: firstly, from every document to extract a theme. Then, extracts a word from the document, and repeats the process until it traverses every word in the document. The core formula of LDA is as follows: (1) The theme model consists of two distributions: P (w|t) is a topic-word distribution; P (t|d) is a doc-topic distribution that represents the probability of topic appearing in Doc.
As mentioned above, the divided urban areas, each functional document D for each region, the functions in the region can be considered as a topic, each region POI categories and nouns as words, the process of functional topics is shown as figure 3 . 
Test Results

Functional Area Classification
By using the LDA model, the probability of the frequency of documents in each region of Beijing is computed, and the function of the city is found by comparison probability and knowledge analysis. According to economics, we identify Urban area function as: Sports and Entertainment Area, Recreational area, Tourist Area, Commercial Area, Life Service Area, working Area and unclassified Area. And functional area detailed information is showed in table 1. 
Identification Result Test
After a series of experiments described above, we identify the functional subjects according to the probability order, a kind of urban area has been divided into a partial color, and by matching with the map to show the distribution of urban functional areas. As we can see from map Fig.4 (c) and (d), the region contains well-known commercial buildings such as Guomao Mall, Zhonghai Plaza, Minsheng Financial Centre, Yintai Centre and Wanda Mall, although the area is complex, mixed with commercial, office and residential land types, but the region generally more prosperous business, known as the Beijing Guomao CBD, and we identify it as commercial area. Therefore, in this paper, the method of urban functional area recognition based on the semantic analysis of locus data mining and interest point is of high accuracy. 
Conclusion
Based on the 2015 annual report of Beijing Traffic Development [4], we find residents choose taxi travel ratio accounted for 6.2%, the proportion of residents using taxis is so small that taxi data is not enough to represent the residents travel trajectory. Therefore, the lack of data types is the lack of this experiment. However, the distribution of our urban functional areas has a certain connection with People's daily travel, the model (UADAFIM) We have built has certain ability to recognize the features of urban functional area, which can provide reference for future research of urban spatial structure.
